The purpose of the present article is to establish the properties of a class of radially confined relativistic electron beam equilibria for longitudinal wiggler free electron laser applications. The theoretical model is based on the steady-state ( /t = 0) Vlasov equation, assuming a
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The longitudinal wiggler configuration has recently been proposed as an attractive magnetic field geometry for intense free electron laser 
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Here, 6B/B is related to the mirror ratio R by R = (1 + 6B/B 0 )/(l -6B/B 0 ).
The instability mechanism for the longitudinal wiggler free electron laser1-3 is a hybrid of the Weibel and axial bunching mechanisms for the cyclotron maser4-6 and standard free electron laser7~10 instabilities. In circumstances where the beam radius Rb is sufficiently small with
and the oscillatory field amplitude 6B is sufficiently small with 6B/B0
then the leading-order oscillation (wiggle) in the applied field is (m2c4 + c 2 p 2 + c2p2)l/2 (4)
where pZ is the axial momentum, p is the perpendicular momentum, ymc2
is the electron energy, and
is the e-component of vector potential consistent with Eq. (3). Here, -e is the electron charge, m is the electron rest mass, and c is the 2 speed of light in vacuo. Note that ymc = const. can be constructed from the constants of the motion p and p , which are independently conserved.
It is important to keep in mind that the validity of the single- To determine the range of validity of this approximation, we have also calculated (in an iterative sense) the leading-order corrections to the longitudinal and transverse orbits, treating the magnetic force (-e/c),vxB as a small correction.
It is found that the quantities p and p 2 remain good single-particle 
where the envelope function (r,z) is defined by 2 22 6B $(r,z) = ybm r 2b 1 bl + sinkoz-<b1 (8) 0
Here, w cb m eB 0 .b mc is the relativistic cyclotron frequency. Therefore, from Eqs. (6) -(8) , the electron beam density profile n (r,z) = 27 f dp p dp b ±' e'pz) can be expressed as 0 0 2 nb (r,z) = 2r f dp'p' 
B. Sharp-Boundary Beam Equilibrium
As a specific example that is analytically tractable, we consider the case where 
C. Diffuse Beam Equilibrium
Depending on the choice of F, the class of beam equilibria in Eq. (6) also allows the possibility of a diffuse (bell-shaped) density profile.
As a second example, consider the case where F is specified by 2 nb p -2ybebrP 
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